Introduction
Inverse scattering methods have been developed about 60 years ago in quantum mechanics. The objective of these methods was originally to estimate a model, in quantum mechanics the scattering potential, from scattering data. Although geophysicists knew about these methods, these algorithms have only recently found their way into seismic imaging. In the last several years such applications have been called autofocusing or Marchenko imaging. The purpose of this work is elucidate (1) why it took so long for inverse scattering methods to be applied in geophysics, and (2) what is the essence of the algorithms involved. In the following we focus on four main questions.
How can inverse scattering methods determine a model at one location without a model for wave propagation?
Inverse scattering has been developed in quantum mechanics about 60 years ago for one-dimensional media or for models with radial symmetry (Marchenko, 1955) . Inverse scattering algorithm use scattering data recorded at an acquisition point or surface to determine the properties of the medium at an arbitrary location, without knowing how the waves propagate between the acquisition location and the point where one determines the medium properties. The heart of inverse scattering is that one solves an integral equation that gives a propagator that accounts for the wave propagation between the acquisition point and the reconstruction point. The propagator has the interesting properties that (1) it focuses energy on the imaging point, and (2) beyond the imaging point the waves move away from the acquisition point without being reflected (Burridge, 1980) . These solutions are not the Green's functions, and they are neither causal nor a-causal.
Although the focusing nature of the solutions obtained from inverse scattering are shown in the paper of Burridge (1980) , the community did not realize at that time that focusing solutions were obtained. At this time model estimation was still seen as the objective from inverse scattering. It was Jim Rose who showed explicitly that inverse scattering methods provide the solutions that focus at a specified location in a medium, without knowing the medium explicitly (Rose, 2001 (Rose, , 2002a . It was shown by Broggini and Snieder (2012) that this focusing property of inverse scattering also holds for media where both the density and the velocity are unknown. This generalization is not trivial, because in that case there is one known function, the reflected waves, and one solves for the waves that focus in a medium that depends on two unknown functions, density and velocity.
Why did it take so long for inverse scattering methods to be applied in geophysics?
There were early theoretical papers that made the connection between inverse scattering and seismic imaging (Newton, 1981; Coen et al., 1984) . In addition, Art Weglein used a perturbative approach to inverse scattering (Prosser, 1969) for seismic imaging with multiples (Weglein et al., 2003) .
The understanding that the equations of inverse scattering produces a solution of the wave equation in the unknown medium that focuses at a specified solution changed the purpose of the inverse scattering equations. In the earlier formulations, the purpose of inverse scattering was to do model estimation. The re-interpretation of inverse scattering as obtaining focusing solutions spoke to exploration seismologists, because the focusing solutions produce downward continuation and imaging operators. These operators include multiples in a natural way.
There were two impediments for applying inverse scattering theory as formulated in the Marchenko equation to seismic data. First, the exact methods require that either the velocity is known, or that the velocity perturbation is always negative. Second, the generalization of inverse scattering from one dimension (1D) to three dimensions (3D) has proven to be exceedingly difficult.
Why was the step from 1D to 3D so difficult?
As mentioned earlier, inverse scattering in one dimension focuses energy on a point so that the energy comes in from only one direction. This directionality is difficult to enforce in 3D because in 1D energy can come from only two directions, up or down, while for 3D energy can come in from all directions. Yet exact inverse scattering algorithm have been developed for 3D (Newton, 1989) , and this has even been achieved for elastic waves (Budreck and Rose, 1992) . A drawback of these methods for geophysical applications is that one needs the scattering amplitude for all angles of incidence and all scattering angles, which is not realistic for seismic surveys.
It was Kees Wapenaar and Evert Slob who proposed to combine one-dimensional inverse scattering with the one-way formulation of seismic wave propagation as formulated by Wapenaar and Grimbergen (1996) . By ignoring the evanescent waves, that propagate neither up nor down, one can extend the 1D inverse scattering theory to 3D problems (Wapenaar et al., 2013; Slob et al., 2014; Wapenaar et al., 2014a; Broggini et al., 2014) . The resulting imaging method has been referred to as Marchenko imaging or autofocusing. Recently it has been shown how to include both internal multiples as well as freesurface multiples (Singh et al., 2015) .
What are focusing solutions and how can they be used in seismic imaging?
Marchenko imaging relies on focusing solutions. These are solutions of wave propagation in the unknown medium that converge onto an arbitrary specified focusing point in the subsurface, and propagate there only on the upward or downward direction. These focusing solutions follow from an integral equation, and for the solution one only needs to know (1) the reflected waves recorded at the surface, and (2) a smooth background velocity model. These are exactly the same requirements as for conventional seismic imaging. Once the focusing solutions are known one can compute not only the Green's function between any point of the acquisition surface and the subsurface, but one can even determine the upgoing and downgoing components of the Green's function.
Once the upgoing and downgoing components of the Green's function are known, one can carry out imaging by computing the spectral ratio of these component (Claerbout, 1985) . Since this type of imaging can be carried out point by point of the subsurface, this method can be used for target-oriented imaging. Alternatively, applying multidimensional deconvolution (Wapenaar et al., 2008 (Wapenaar et al., , 2014b to the upgoing and downgoing waves under a complicated overburden, one can obtain the reflectivity at a specified target depth and use this for downward continuation under a complicated overburden. In my presentation I will illustrate the working of Marchenko imaging for a simple model with two reflectors, and internal multiples between these two reflectors.
Conclusions
The history of inverse scattering and its application shows that the path from the formulation of an exact theory to the application in other fields can be long and tortuous. But Marchenko imaging now is in the stage of being applicable to seismic data. Key in this development is the recognition that the equations of inverse scattering solve for focusing solutions in an unknown media.
